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Abstract 
In this paper we describe and analyze a new user interface program that allows students of nursery and primary schools to use 
digital microscopes in the Linux environment. Moreover, we want to provide teachers with new ideas for a conscious and 
effective use of digital microscopes in order to promote the interest toward the scientific exploration of nature in children.In our 
classes we have used the Intel® Play™ QX3™ Microscope, which is a unique tool to introduce children to technology. This 
microscope has technical features that make it very effective and simple to use; furthermore it allows, in combination with our 
software, to observe very small objects directly from the computer screen and realize videos by capturing images in long term 
experiments.Children can recombine the microscope images so as to produce new graphic objects, modify these images in a 
creative way and create new multimedia collections of their experiments. In particular, we aim at establishing a link among 
practical experience, geometry and artistic education; moreover, this tool can facilitate the integration of certified students, 
hyperactive students and students with deficit and attention disorder, since it can promote their concentration through an 
operative approach.  
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1. Digital Microscopes and children  
Human beings have always been inclined to observe and understand phenomena and to transform the information 
they gathers in laws, theorems and culture through the scientific approach. In this process, senses act as a window to 
the world and link the person with the entirety of external phenomena.  
Moreover, mankind always strived to strengthen, make more effective and improve the quality of one’s own 
senses by inventing prostheses or tools capable of providing more precise and detailed information.  
The spyglass has been invented to extend our eyes capabilities, the magnifying glass, to gather information on 
what is so small that cannot be observed with the naked eye, up to flying machines, which have been created to 
provide an alternative to deambulation and to endow vision with further, faster and unprecedented perspectives†. 
Within this context, the microscope is a wonderful sensorial prosthesis, it allows observing magnified details of 
animated and inanimate objects that populate our (natural or anthropic) habitat, and visualizing details that human 
beings are usually unable to perceive.  
The process of discovery by means of a scientific device is often difficult within the school environment. 
Microscopes, spyglasses, lenses, chemical materials, certainly pose limits in economical (these tools are rather 
expensive), social (they favor a mostly individual usage rather than teamwork), and educational terms (the teacher 
cannot control what the pupils are perceiving and so can hardly develop an educational program of experimental and 
metacognitive nature). Computers and their usage in the educational field can support the development of practical 
solutions to the aforementioned issues and provide possible answers to technical doubts and perplexities (Papert, 
1993). The usage of network resources in education fosters thematic comparisons within cross-curricular projects 
with transversal purposes referable to multiple subjects/matters/experiential fields, and to diverse fields of inquiry. 
The computer setting, if properly designed, enables working in group, collaborating, managing teacher’s material, 
both during and after lab work, cost reduction, a capillary materials’ organization in anticipation of a thorough 
documentation. 
In this respect it is possible to conceive a modern school that takes account of the variety of alphabets and that 
promotes communication skills in pupils using not only pen and paper, but also sounds, images, and various digital 
assistants‡. 
The pedagogic-educational aspects of the research here summarized concern the usage of a microscope as a 
didactic support, by means of an initial experimentation phase followed by a documentation activity. The 
microscope used for the experimentation, the Intel® Play™ QX3™, has been designed to be connected to the 
computer via USB. The microscope actually behaves as a webcam that records the work area under its lens, 
allowing the visualization of objects and their details with three enlargements (10, 50 and 200 times). The software 
provided with the microscope is limited to the Windows operating system. The local situation, where all the Italian 
schools in the Bolzano province migrated their PCs from the Windows platform to a Linux-based operating system, 
imposed to overcome this limitation by developing a new application, called jMicro, which will be described in the 
next section. This allowed for an overall redesign of the software provided with the microscope, in view of an 
education-oriented usage of the device itself.  
 
 
† On this subject matter (Postman, 1985) regards some scientific discoveries as fundamental, for example the invention of eyeglasses, inasmuch 
they contributed to modify the shape of our thinking in psychological terms: the invention of eyeglasses, dating back to the twelfth century, has 
not only improved partially sighted persons’ physical condition, but also suggested the idea that human beings can cope with nature and are not 
bound to comply with it like an uncontrollable fate. “Eyeglasses refuted the belief that anatomy is destiny by putting forward the idea that our 
bodies as well as our minds are improvable. I do not think it goes too far to say that there is a link between the invention of eyeglasses in the 
twelfth century and gene-splitting research in the twentieth. Even such an instrument as the microscope, hardly a tool of everyday use, had 
embedded within it a quite astonishing idea, not about biology but about psychology.  By revealing a world hitherto hidden from view, the 
microscope suggested a possibility about the structure of the mind.” 
‡ To deepen the concept of “hyperschool”, you can refer to (Calvani, 1994). The text, though not recent, is still notably up-to-date and far-
sighted. 
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2. The jMicro application 
The jMicro application has been conceived to be used both by pupils and their teachers during the didactical 
experience of the microscope usage.  
Therefore, according to the ideas promoted by usability engineering literature (Nielsen, 1993), it was decided to 
define several user profiles that correspond to several modalities and usage scenarios. 
This solution makes it possible to not provide kids with functions that are educationally irrelevant and that could 
generate confusion and potential problems to the system, like deleting images or videos; on the other hand, the 
profile for the adult user offers a richer set of functionalities, suitable to those users who have to manage multiple 
didactical experiences.  
Special attention has been given to maintain an overall coherence in terms of look and feel among the user 
interfaces offered to the different user profiles. Indeed, it is expected that, by using the application, the kids will 
progressively become more experienced, and thus a more evolved usage mode could be offered to them, by just 
modifying their user profile. Thanks to the coherence of the different user interfaces, the acquired experience will 
not get lost.  
The specification phase of the various user profiles required the creation of possible software usage scenarios, 
where three user classes have been identified: 
• Basic user: this class corresponds mainly to ten year old or less users and it is the user mode with less 
features. The basic user can neither delete snapshots nor access the control panel. 
• Average user: this class is suited for users between ten and thirteen years, and to users under ten years that 
have acquired some proficiency in using the software; with this modality users can delete snapshots and 
access the control panel.  
• Advanced user: it is the user class to whom all the software features are available; it is meant for teachers 
and teenage students. 
 
The main features of the application in Advanced user mode are available in two groups of tools, which pertain to 
microscope’s setting and images' acquisition and saving respectively§. 
 
The first group allows: 
• turning on or off the microscope's lamps (one above and the other under the working area), with the buttons 
“Top” and “Bottom”; 
•  adjusting the brightness of the image with a slider located on its side.  
 
The second group of functionalities allows: 
• taking a snapshot of the working area, with the “Take a picture” button;  
• programmed acquisition of a series of snapshots at regular intervals, during a prearranged time frame, with 
the “Timer” button; the sequence of snapshots gets then arranged in a video. Let’s notice that the 
programmed acquisition of a sequence of images is not available at the Basic and Average user profiles. 
 
The newly created snapshots and videos are visible in the lower part of the screen (the videos are identified by 
the highlighted frame) and can be recalled and visualized in the main area with a click. By clicking with the right 
mouse button on the sliding area, it is possible to interact directly with other open source programs for image 
manipulation**: the programs that can be used are Tux Paint, suitable for kids between ages 3 and 12, which gets 
 
 
§ The Advanced user mode screenshot is available at http://zeus.ing.unibs.it/jmicro/fig1.jpg 
** The Sliding preview screenshot is available at http://zeus.ing.unibs.it/jmicro/fig2.jpg 
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used in several schools all over the world for drawing activities and computer literacy; and GIMP, a standard image 
editor.  
 
The Advanced user can also access a control panel with additional features.  
Actually the panel is available (albeit hidden) even on the other profiles' interfaces, where it can be called only 
through a combination of keys (shortcut) not known to pupils, which makes a pop-up menu to appear. Thus, a 
teacher that knows the shortcut can access at any moment the control panel, even when assisting a pupil that is using 
the application at the Basic profile.  
The application has been designed for multiple languages support: the choice of available languages for all the 
buttons and the menu is offered when booting up the system. 
3. First experimentation   
3.1. The reference model  
During the experimentation the research group developed examples of activities based on the research model 
implemented in some nursery schools of the Republic of San Marino. This model allowed for the use of the tool 
along three different modalities (Guerra, 2002; Guerra, 2010):  
a. In the reproduction mode, the microscope can be used as a means to support and develop existing contents, 
selected from those already encountered during students’ education and referable to traditional school 
curricula. In such case, it has a strictly scientific function. Therefore, an experimental use of the tool is 
proposed for actual scientific enquiries about the microscopic world around us, on its details and their 
comprehension, with the purpose of sharing new knowledge and to deepen the previously gathered one; 
b. In production mode, the microscope can be used so that pupils build and develop their own competences. With 
this meaning, the tool features are less structured and imply more tailored usages, which are more 
interdisciplinary and of a metacognitive nature. This use of the device is not restricted to the conventional and 
stereotyped view of a scientific instrument. The microscope can be used not only for observing small objects 
and invisible life forms, but also for analyzing object colors, textures, fabrics, in order to use them as 
backgrounds for illustrations. Everything, even a boring notebook page, when magnified and reworked, gets 
transformed and reveals unexpected possibilities for cognitive development; 
c. In the fanta-production mode, it is possible to use the microscope as a tool to embark into a cognitive 
adventure, oriented to emotional stimulation and free training of creativity. This last function allows for ample 
freedom in usage and is not built according to any conceptual pattern or subsequent formalized educational 
usage; it opens instead new possibilities of artistic expression, even as a simple research of new aesthetics of 
the unseen. Every object (crumbs, pens, coins, etc.) gets magnified so as to transport the observer into a 
previously unknown world that stimulates imagination. It provides little scientists with a “ticket to the 
microscopic planet”, which is always in front of our eyes but that is naturally precluded to us††.  
The final documentation stage is very important, since for the purpose of a correct didactical evaluation of the 
experience, the research should allow for an accurate and methodical collection of the more important papers. It is 
very important to collect with the utmost attention all the projects, by classifying them according to the three usage 
model (reproduction, production and fanta-production mode), as well as by age group and chronological area.  
                                                                                                                                                                                               
 
 
†† It’s possible to consult the documentation regarding the research experience on the microscope usage in several preschools of the Republic of 
San Marino in (Colombi, 2003). 
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3.2.  The experimentation during the LuNa (acronym for Lunga Nacht – The long night of research at the FUB) 
During a research day at the Free University of Bolzano (FUB), the researchers proposed a variety of educational 
and recreational activities for children and kids, with the purpose of experimenting, promoting and showing the QX3 
microscope and the jMicro application.  
The proposal was aimed to drive the use of the microscope along the four natural elements (air, water, earth, fire) 
and the setting up of working corners where the participants could move freely, by experimenting the mingling of 
technology (notebook, digital microscope, printer) and the physical elements that could be touched, handled, 
modeled and obviously magnified and observed. In accordance to the theoretical guidelines representing the 
foundations of the research, several stimulating questions were proposed to experimenters in order to direct the use 
of the microscope and the observation phase.  
As an example, the following is the presentation of the working corner dedicated to fire.  
On a fairly large table, two workplaces were prepared with a notebook, a microscope and a printer connected to 
both machines. The proposed materials recalled and stimulated the research on the fire element and called for an 
independent handling by the experimenters. Three trays were prepared with the materials needed to work with the 
specific element, according to the pedagogical principle of promoting autonomy in pupils that harks back to, among 
the others, the ideas of Maria Montessori: 
- Tray 1 with big matches, glass of water for putting out the match, and a bin to collect the materials being used; 
- Tray 2 with small perfumed incenses, matches, water; 
- Tray 3 with a bin containing wood ash and a proper tool to position it under the microscope lens.  
A poster in front of the workspace suggested several questions aimed at deepening the three research phases: 
- What do you see? In what color the material turned after having lit it? How does it appear when observed with 
the naked eye? And how does it appear under the microscope? (Figure 1)  
Figure 1. Burned wooden match - 10 times enlargement. 
 
- How does the material that burns or has burned transform? (Figure 2)   
Figure 2. Head of a burned wooden match – 200 times enlargement. 
 
- Look at the image on the microscope and then import it on the computer by opening a program for drawing or 
creative image reworking. What does it look to you? Does it resemble something? Transform the image of the fire 
using your imagination and print it to document your personal activity (Figure 3). 
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Figure 3. Image of a burning incense stick – 10 times enlargement  
modified with the editor by a 5 year old girl. 
4. Conclusion and further development 
The JMicro application has been tested in this first series of experiments and compared with former experiences 
with the main objective of evaluating its functionalities and global effectiveness, and also to compare it with the 
previous Windows-based application. This has allowed capitalizing more than a decade of worldwide usage of the 
digital microscope as didactical tool. The results of the research indicate a great and substantially untapped 
opportunity for promoting science and technology education through experimental learning, for introducing self 
promoted/driven and collaborative research in average school environments in a way that is manageable with basic 
skills and resources. The process underlined also the need to push young generation's attention to converge to a 
better and smarter usage of technologies and to be more conscious of opportunities offered by contemporary tools, 
which can add much fun to the “good old school day”. The next fundamental step will be to develop a more user 
friendly interface and to make as easy as possible not just using the program, but also extending it to be perceived as 
a normal tool of daily school practice, not restricted to science and technology teaching. The biggest innovation 
introduced by the approach chosen by the team is concerned with the idea of profiling users and differentiating their 
activities and abilities in the management of their projects, e.g.: deleting pictures or movies, organizing media and 
setting up or manage timed snapshots. This important design choice is driving the current phase of the project that 
will bring to a first complete version of the program with a dedicated “threefold GUI”. We aim to distribute the 
software application to all Italian primary schools of Bolzano before spring 2013. After this step the research team 
will aim to collect funds to start a deeper analysis of usage models, to further improve the software application, and 
to publish the first distribution of the software on the Web. This will allow collecting feedbacks and involving new 
schools and teachers in the study. The goal is to involve about 1500 students before school year's end.  
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